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Description

[0001] This invention rotates to improvements in ret-
roviral vectors for gene therapy and other uses. In par-
ticular the invention relates to methods for producing im-
proved retroviral vectors, and for producing improved ret-
roviruses which may be used to make retroviral vectors.
[0002] Within the field of gene therapy retroviral vec-
tors are the most widely used gene delivery system. The
most commonly used retroviral vectors are based on
murine leukaemia virus (MLV). Furthermore, MLV-based
vectors are the only retroviral vectors that have been
used in human clinical trials (Morgan & Anderson 1993).
MLV is a simple C-type retrovirus, the molecular biology
of which has been reviewed extensively. The commonly
used vectors are usually produced using packaging cells
lines containing integrated copies of a gag-pol expres-
sion cassette and an env expression cassette (Mc-
Claughlin et al 1990). A plasmid encoding the vector ge-
nome (RNA) is transfected into the packaging cell to pro-
duce the RNA species that is packaged into the viral par-
ticles encoded by gag-pol and env. The retroviral parti-
cles so produced generally have one of two distinct tro-
pisms. If the env gene in the packaging cell encodes
envelope proteins from an ecotropic virus then the retro-
viral vector will transduce only murine and rat cells. If the
env gene is from an amphotropic virus then the vector
will transduce a broader range of cell types including hu-
man cells. The determinants of tropism residue substan-
tially, therefore, in the envelope protein(s) (Hunter &
Swanstrom, 1990). In particular the variable regions
known as VRA and VRB determine whether the surface
protein (SU, gp70) binds the ecotropic or amphotropic
receptors (Battini et al, 1992). The ecotropic receptor is
the murine basic amino acid transporter (Albritton et al
1989) and the amphotropic receptor is a widely distrib-
uted phosphate transporter (Miller et al 1994; VanZeijl et
al, 1994). In order to transduce human cells for thera-
peutic purposes amphotropic vectors are used.
[0003] Amphotropic vectors derived from natural am-
photropic MLV variants, isolated in 1976, that are capable
of infecting a wide range of cell types (Rasheed et al.,
1976; Hartley and Rowe, 1976). These vectors were first
produced in the mid-1980s (e.g. Cone and Mulligan,
1984) using components from the original viruses. Al-
though amphotropic vectors transduce human cells
these vectors are generally an order of magnitude less
efficient at tranducing human cell lines compared with
their efficiency on murine cells. Also, even though they
are being used widely for gene therapy trials in man the
efficiency of transduction is very variable from primary
cell type to cell type (Rosenberg et al., 1990; Grossman
et al., 1994) and this seriously limits the usefulness of
these systems. The origin of this variability is not known.
[0004] There is a need for retroviral vectors which are
more efficient at transducing human cells. There is also
a need for retroviral vectors which are more suited than
existing vectors for gene therapy in humans or other uses

of retroviral vectors such as induction of disease mimics
in animals. The invention addresses these needs.
[0005] The invention provides in one aspect a method
of making a retroviral vector having an increased ability
to infect a chosen target cell, which method comprises:

(i) providing a starting retrovirus or retroviral vector,
and a host cell for the retrovirus or the retroviral vec-
tor;
(ii) subjecting the starting retrovirus or retroviral vec-
tor to a selection process in vitro which selection
process involves a plurality of rounds of infection of
the host cell during which there is selection for var-
iants having an increased ability to infect the host
cell; and
(iii) where a starting retrovirus is provided in (i), using
the retrovirus resulting from (ii) in at least one com-
ponent of a retroviral vector production system for
producing retroviral vectors having an increased
ability to infect the chosen target cell.

[0006] The invention provides in a further aspect a
method of making a retroviral vector having increased
resistance to shear forces, which method comprises:

(i) providing a starting retrovirus or retroviral vector,
and a host cell for the retrovirus or the retroviral vec-
tor;
(ii) subjecting the starting retrovirus or retroviral vec-
tor to a selection process in vitro which selection
process involves a plurality of rounds of the following
selection step:

(a) exposing the retrovirus or retroviral vector to
shear forces; and
(b) infection of the host cell

during which process there is selection for variants
having increased resistance to shear forces; and
(iii) where a starting retrovirus is provided in (i), the
retrovirus resulting from (ii) is used in at least one
component of a retroviral vector production system
for producing retroviral vectors having increased re-
sistance to shear forces.

[0007] The invention provides in a further aspect a
method of making a retroviral vector having increased
resistance to human serum, which method comprises:

(i) providing a starting retrovirus or retroviral vector,
and a host cell for the retrovirus or the retroviral vec-
tor;
(ii) subjecting the starting retrovirus or retroviral vec-
tor to a selection process in vitro which selection
process involves a plurality of rounds of the following
selection step:

(a) exposing the retrovirus or retroviral vector to
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human serum; and
(b) infection of the host cell

during which process there is selection for variants
having increased resistance to human serum; and
(iii) where a starting retrovirus is provided in (i), the
retrovirus resulting from (ii) is used in at least one
component of a retroviral vector production system
for producing retroviral vectors having increased re-
sistance to human serum.

[0008] Thus, by a process which may generally be de-
scribed as evolution in vitro, a retroviral vector can be
produced which has characteristics more suited to a cho-
sen purpose. A selected characteristic according to the
invention will be associated with the genome of the ret-
rovirus or retroviral vector resulting from the selection
process (ii). The starting retrovirus or retrovirus vector
will generally be a population of retrovirus or retrovirus
vectors, which population evolves in vitro in the method
according to the invention.
[0009] The starting retrovirus or retroviral vector may
be derived from any suitable retrovirus or retroviruses.
MLV is presently the most extensively studied retrovirus
in this field and MLV-based vectors have been used in
gene therapy. The invention is not however limited to the
use of MLV-based vectors. Suitable retroviruses include
other oncorertroviruses (the sub-group of retroviruses of
which MLV is a member), or lentiviruses (which include
HIV, SIV, FIV" BLV, EIAV, CEV and visna virus), or ret-
roviruses from other subgroups.
[0010] The term retroviral vector is used here to de-
scribe a defective retrovirus which is not by itself repli-
cation competent. However, it is capable of infection of
a host cell, and thus has a genome which is capable of
integrating into the host cell genome and has a packaging
signal. Thus, a retroviral vector usually lacks at least one
of the packaging components gag-pol, and env. When
a starting retroviral vector is used in the method accord-
ing to the invention, the host cell will need to contain the
missing packaging component or components in order
that infection of the host cell by the vector may result in
the production of further retroviral vector particles.
[0011] A starting retrovirus contains functional env and
gag-pol in its genome and its replication competent. Even
so, a starting retrovirus is not necessarily a wild type ret-
rovirus, generally it will have been modified in some way
while still remaining replication competent. The use of
modified retroviruses is preferred because these can be
well-characterised and designed to meet certain needs.
For example, for practical reasons it may be necessary
to include a selectable marker in the genome of the start-
ing virus, so that infected host cells can be selected for.
Also, it may be preferable for the virus genome to be
under the transcriptional control of a high efficiency pro-
moter such as the cytomegalovirus (CMV) promoter, in
place of the viral LTR U3 promoter. The purpose of this
would be to ensure that viral genome production in in-

fected cells is not a rate-limiting step during the selection
process, so that a characteristic such as more efficient
infection can be effectively selected for. These features
of the genome may be employed in the genome of a
starting retroviral vector as well as a starting retrovirus.
[0012] Selection conditions are imposed in the method
of the invention according to the characteristic or char-
acteristics it is desired to achieve. A preferred character-
istic for selection according to the invention is an im-
proved ability to infect a particular target cell type. How-
ever, the invention is not limited to characteristics relating
to infection. Other desired characteristics may be select-
ed for such as an improved ability to withstand harsh
conditions, either chemical or physical. Selection proc-
esses for characteristics such as these are also de-
scribed in detail herein.
[0013] The basic steps of infection of a target cell by
a retrovirus or retroviral vector include attachment to the
target cell and entry into the cell via surface proteins in
particular the envelope protein encoded by env, unpack-
aging of the RNA genome, reverse transcription of the
genome to produce a double-stranded DNA version or
provirus, migration to the nucleus and integration of the
DNA into the target cell genome. The gene products of
gag-pol are also involved in the infection process. Trans-
duction is a term used to describe this process for retro-
viral vectors and for replication competent retroviruses
carrying heterologous genetic material in the genome.
Generally, transduction is used to refer to the process of
introducing a foreign gene, particularly a therapeutically
active gene, into a target cell by means of a retroviral
vector.
[0014] Thus, improved infection of a target cell may be
associated with env or with gag-pol, or it may be asso-
ciated with a part of the viral or vector genome which is
not env or gag-pol, or it may be associated with a com-
bination of any or all of these.
[0015] In particular for the purpose of gene therapy,
there is a need for retroviral vectors which are better able
to infect certain cell types than existing vectors. Such cell
types include for example human primary blood lym-
phocytes and cancer cells. When generating virus or vec-
tors better able to infect a chosen cell type, it will be pref-
erable to do so using host cells which are as similar as
possible to the chosen cell type. For practical reasons,
the host cells will generally be from a cell line, which may
be derived from primary cells of the chosen cell type.
Alternatively, it may be possible to use a supply of primary
cells of the chosen cell type. One possible strategy is to
use a two stage selection process, evolving the virus or
vector first on a cell line and then on fresh primary cells.
[0016] The retroviral vectors resulting from the selec-
tion process in the method according to the invention
may be immediately useful in applications such as gene
therapy. Usually however modifications will first of all be
required. Typically, the retrovirus or retroviral vector re-
sulting from the selection process of step (ii) of the meth-
od according to the invention is used to provide one or
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more components of a retroviral vector production sys-
tem for producing retroviral vectors useful for gene ther-
apy or other medical applications. A retroviral vector pro-
duction system requires packaging components for
packaging a suitable vector genome. Depending on the
characteristics selected for, the retrovirus or retroviral
vector may be used to contribute to the packaging com-
ponents or the genome or both.
[0017] In one particular embodiment of the method ac-
cording to the invention a starting retroviral vector com-
prising the env gene and a genome having a selectable
marker is subjected to a selection process designed to
achieve more efficient infection of a particular target cell.
The env gene from the retroviral vector which emerges
after the selection process may then be transferred into
a packaging cell line which can then be used to produce
retroviral vectors having the selected characteristic and
suitable for use in a desired application. The retroviral
vectors produced by the packaging cell do not carry the
env gene, but comprise envelope proteins encoded by
the env gene.
[0018] In another embodiment, a starting retrovirus
having a selectable marker us used. Following a process
of selection during which the retrovirus evolves to be-
come more efficient at infecting a chosen target cell, the
env and gag-pol genes of the virus which emerges are
transferred into expression vectors for use in a retroviral
vector production system.
[0019] A retroviral vector production system as re-
ferred to herein comprises packaging components, that
is a set of nucleic acid sequences which encode the pack-
aging proteins need to package a defective retroviral vec-
tor genome. When a nucleic acid sequence encoding a
compatible packagable RNA genome is introduced into
the system, retroviral vectors may be produced by the
system. The packaging components are maintained in
cells into which they have been either transiently or stably
transfected. Most commonly these are cell lines in which
the packaging components are stably maintained.
[0020] It is a particular aim of this invention to provide
a method of making new retroviral vector systems de-
rived from new variants of amphotropic and ecotropic
viruses produced by in vitro evolution. These variants
are selected for their ability to infect specific target cell
types or to have specific properties that are desirable.
Selection protocols vary with different desired end-points
but several general principals are taken into account.

1. Varying the mutation rate.

[0021] One of the most powerful optimisation proce-
dures in physics/computing is "simulated annealing"
(Kirkpatrick S et al, Science 220, 671, 1983, Gillespie D
T, J Comp Phys 22, 403, 1976), Varying temperature
gradients are used to aid the search for the global mini-
mum and avoid the chance of being trapped in a local
minimum. For our system, temperature is equivalent to
mutation rate. Alternating the mutation rate in serial pas-

sages could greatly improve the chances of finding op-
timal variants. (For a theoretical description see Fontana
W et al, Phys Rev A 40, 3301, 1989.) The idea is to use
a very high mutation rate in one culture, in order to pro-
duce many mutants and subsequently to use a very low
mutation rate in the next culture, in order to provide a
chance for the best variants to outgrow the others without
accumulating too many additional mutations.

2. Optimal mutation rate.

[0022] As far as possible the error rate of the MLV re-
verse transcriptase should be increased to maximise the
production of advantageous mutations during the high
mutation rate stages. In order that selection works effi-
ciently it is essential to have enough genetic variation. If
mutation rates are too low advantageous variants may
not appear fast enough and the in-vitro evolution will take
too long. On the other hand, for very high mutation rates
an advantageous mutation may often be accompanied
by a deleterious mutation somewhere else in the ge-
nome. In between there is an optimal mutation rate. A
very rough estimate shows that the optimal mutation rate
is of the order of 1 over the length of the genome (number
of bases)(Nowak 1990, Nature 347,522). For a genome
of the size of MLV the optimal mutation rate is approxi-
mately 10-3-10-4.

3. Controlling the mutation rate in vitro.

[0023] Given the considerations above it is important
to be able to vary mutation rate during the evolution pro-
tocols so that the system goes through alternating rounds
of generation of diversity and selection. Adding high con-
centrations of nucleosides or sub-inhibitory concentra-
tions of nucleoside analogues to producer cell cultures
increases the error rate of reverse transcriptase (e.g.
Pathak and Temin 1992 J.Virol. 66, 3093). This technique
is used, therefore, to alter the mutation rate during the
selection protocols. Mutation rates can be measured by
the procedures described by Pathak and Temin (1992)
in experiments that are run in parallel with the selection
protocols.

4. Restricting selection to a specific part of the life-cycle
of the virus.

[0024] In some cases it may be important to evolve
components of the vector selectively. Essentially we
want to find a variant that is well adapted to infect human
cells rather than a variant that is capable of higher level
production. Thus we want to maximise the rate and effi-
ciency of the first half of the life-cycle, that is infection,
including virus entry, unpacking, reverse transcripton,
migration to the nucleus, and integration. By straightfor-
ward selection for fast replicating strains we do not dif-
ferentiate between applying selection pressure to im-
prove infection or improve virus production from infected
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cells. We can adopt, therefore, various strategies to sep-
arate infection from production in the evolution protocol.

i. Infection pulse. In this strategy we would allow in-
fection to occur for only a short time by adding a
retrovirus inhibitor eg AZT or other reverse tran-
scriptase inhibitor to inhibit further infection. This pro-
cedure would select for those viruses that could in-
fect rapidly.
ii. Component specific evolution. In this system each
of the three components, gag-pol, env and genome,
of the retroviral vector can be evolved separately in
a selection protocol that substantially reduces the
probability of selecting for increased virus production
in the context of the whole virus. For example, if one
wishes to select env variants that increase the infec-
tion of a particular target cell line a system such as
that shown in Figure 1 may be used. The key com-
ponent in the system shown in Figure 1 is the vector
genome which contains both the env gene that is to
be the subject of the evolution procedure and a se-
lectable marker such as the neor gene. First a virus
vector population is generated by transfecting 293T,
or other cells, with a plasmid containing the proviral
version of this vector genome. The cells contain a
gag-pol expression cassette. The vector genome is
transiently expressed and packaged into virus vector
particles that can be recovered in the cell culture
supernatant. This population of particles is then used
to start the rounds of diversity generation and selec-
tion. Target cells, again expressing a gag-pol cas-
sette, are transduced and transductants are selected
on G418. This step is both a diversity generation
step and a selection step. Diversity is generated be-
cause of the error-prone reverse transcription step
necessary for integration and selection for envelope
’efficiency’ is achieved because receptor binding and
entry is essential for transfer of the neo gene. The
G418’ population of transduced cells is then used to
produce more virus vector particles and these are
used to transduce a fresh batch of target cells for
second round of selection. This can go on for many
rounds until the efficiency of the transduction is seen
to increase. At this stage the envelope component
can be separated from the genome and used in a
’conventional’ vector production system. The result-
ing new vector production system has an env gene
component that is now optimised for infection/trans-
duction of the target cells. Similar strategies can be
used for the genome alone to optimise packaging,
for example, and for gag-pol to optimise particle for-
mation, reverse transcription and integration.

5. Time schedule for serial transfer.

[0025] It might be essential to keep the virus in expo-
nential growth phase. This means that there should al-
ways be enough infectable cells in the culture. In other

words sampling should occur early on in the infection
selection process.

6. Recombination

[0026] Running several lines in parallel (e.g. Schober
A et al, BioTechniques 18, 4, 1995) and ocassionally re-
combining them should greatly enhance the efficacy of
the search process for optimally adapted viruses. The
theory of genetic algorithms (Holland J H, Adaptation in
natural and artificial systems, Ann Arbor: Univ of Michi-
gan Press, 1975) suggests that under specific circum-
stances recombination leads to better optimization pro-
cedures (Kauffman S, The origins of order, OUP, 1993).
Recombination may be achieved in vivo by using virus
derived from several selection strategies in a single se-
lection scheme or recombination in vitro may be achieved
using PCR.

7. Computer models

[0027] All diversity/selection systems can be modelled
on a computer to give an estimate of rates and probabil-
ities of achieving specific evolutionary endpoints. We re-
fer to this as CATORV (computer aided target optimized
retroviral vector). The simulations are based on quasi-
species theory (Eigen M, Schuster P, The Hypercycle,
Springer, Berlin 1979, Eigen M, McCaskill J, Schuster P,
J Phys Chem, 92, 6881, 1988) using concepts like se-
quence space and fitness landscape.
[0028] The invention is further illustrated in the at-
tached figures in which:

Figure 1 shows the principle of selective evolution
of a retroviral component;
Figure 2 shows a plasmid designated pMoC(4070A)
containing an amphotropic MLV provirus;
Figure 3 shows a scheme for the construction of the
plasmid shown in Figure 2;
Figure 4 shows retroviral vector plasmids derived
from retroviruses selected by evolution in vitro.
Figures 5 to 7 show viral titres obtained in the viral
evolution method described in Example 2.

Figure Legends

[0029]

Figure 1 - A plasmid containing a retroviral vector
genome containing an env gene and a neo’ gene is
transiently expressed in a producer cell such as
293T, containing the necessary packaging compo-
nents. Retroviral vector particles are produced and
are contacted with a chosen host cell for successive
rounds of infection. Infected host cells are selected
for using G418R.
Figure 2 - pMoC(4070A) is a derivative of pMo
(4070A) (Ott et al 1992) in which the U3 regions of
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the LTRs contain the CMV-IE enhancer.
Figure 3 - Construction of pMoC(4070A) is carried
out as follows:

1) Double stranded oligonucleotide was synthe-
sised to span the SAC1 site at -13 in the CMV
promoter to the KPN1 site at +36 in the MLV R
region such that +1 for the CMV promoter and
+1 for the MLV R region coincide (Shinnick et
al, 1981, Nature 293, 543). This was inserted
into pSP46 (Ogden et al., 1986, MCB 6, 4335)
2) Remaining CMV promoter sequences re-
stored by inserting 530 bp XBAi-SACl fragment
from pKV461 (Adams et al., 1988, NAR 16,
4287) into the pSP46 plasmid containing the
fragment described in 1)
3) The PVUI-KPNI fragment from above con-
taining the CMV promoter replaces the corre-
sponding sequence of pLNSX (Miller and Ros-
man, 1989, Biotechniques 7, 980) to create
pRV104.
4) Replace PVUI-KPNI fragment in pMo(4070A)
with PVUI-KPNI fragment from pRV104.
5) Excise XBAI-ECORI fragment from pRV104
and add NHEI linkers. Cut with KPNI to produce
the fragment shown.
6) Insert this fragment into pMo(4070A)-5’CTR
cut with NHEi and KPNI. Partial digests are re-
quired. This gives the plasmid shown.

Figure 4 - A general scheme showing retroviral vec-
tor plasmids which may be derived from retroviruses
selected by evolution in vitro. They may be for ex-
ample a) pHITIII, or derived from a selected genome;
b) pRV-VI-51; c) pRV-VI-52, all of which are de-
scribed in Example 1.

[0030] The invention will now be further described in
the examples which follow.

EXAMPLES

EXAMPLE 1

[0031] A major goal in gene therapy is the transduction
of human primary blood lymphocytes (PBLs) for the treat-
ment of inherited diseases such as SCID, acquired dis-
eases such as leukaemia and infectious diseases such
as AIDS. Although, amphotropic vector preparations can
be produced readily with titres of 106-107 on NIH 3T3 or
HeLa cells these same preparations transduce PBLs at
efficencies 3-4 orders of magnitude lower. An MLV vector
derivative with a high transduction efficiency is needed
urgently therefore.
[0032] As a first step towards this goal, a replication
competent amphotropic MLV provirus is needed. We
have used a derivative of a construction designated Mo
(4070A) described by Ott et al. (1992). This is a chimeric

genome in which the amphotropic envelope gene from
virus isolate 4070A (Rasheed et al., 1976) replaces the
ecotropic envelope gene in a Mo-MLV backbone. This
provirus, together with some genomic flanking sequenc-
es is present in a pSV2neo plasmid the whole molecule
being designated pMo(4070A). The derivative that we
have produced, designated pMoC(4070A) contains the
CMV-IE promoter in place of the MLV promoter in the U3
region of both LTRs (Figure 2). pMoC(4070A) was con-
structed according to the scheme shown in Figure 3 al-
though other strategies could be used to produce the
same molecule or to produce molecules with other effi-
cient promoters in the U3 regions. This derivative was
produced in order to increase the production of genomes
in human cells thereby achieving larger populations and
therefore greater diversity. In addition, by ensuring that
genome production is not limiting we reduce the proba-
bility of selecting variants that simply have a greater ca-
pacity for production. Any amphotropic provirus in any
plasmid would be equally suitable but it is likely that en-
hanced expression from the LTRs would be required to
generate the population sizes necessary for the evolution
strategies.
[0033] Plasmid pMoC(4070A) is used to transfect
293T cells to produce a primary virus stock. As an index
of the virus concentration in this stock reverse tran-
scriptase (RT) levels are measured and compared with
those of a vector preparation of known transducing titre.
Levels of reverse transcriptase are typically 100-200
units/ml which corresponds to a transducing titre of about
106-107 cfu/ml. This represents the starting master stock
to be used for the selection process and as a reference
stock against which new variants are compared.
[0034] One milliliter of this stock is used to infect 5 x
105 HeLa cells and 5 x 105 PBLs. Two hours later the
medium is changed and 6 days later RT levels are meas-
ured. Typically the levels from virus plated on PBLs is
3-4 orders of magnitude lower than with HeLa cells. This
represents the difference in plating efficiency of the two
cell types. The PBLs are maintained for 20 days in order
to allow replication and selection to occur and then 5ml
supernatant from the PBLs is plated on 5 x 105 HeLa
cells to amplify the population over a period of a few days
until the supernatant RT levels are equivalent to a particle
titre of about 106/ml. 2ml of this HeLa supernatant is plat-
ed on 5 x 105 PBLs and the PBLs are maintained for 20
days to allow further selection to occur. During both the
amplification stage on HeLa cells and the selection on
PBLs the infection is monitored every 4 days by immun-
ofluorescence using anti-env antibody and RT to detect
any emerging virus. This cycle of PBL-Hela-PBL is des-
ignated one round of selection.
[0035] After several rounds of selection 1 ml of the vi-
rus supernatant is plated on PBLs and HeLa and 2 hours
later the medium is changed and 6 days afterwards RT
levels are measured. A reduction of the difference be-
tween the two cell types shows that an MLV variant is
emerging with increased infectivity for PBLs. This strat-
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egy is employed in 10 parallel tracks of selection in order
to produce 10 different selected populations. These new
populations presumably comprising variants with in-
creased replication capability on PBLs are designated
MLVPBL1-10. These are then combined and several
rounds of selection are carried out with the mixed virus
populations at high multiplicities of infection in order to
facilitate recombination and competition. At the end a
virus maximally adapted to growth on PBLs emerges.
This virus is designated MLVPBL-V1.
[0036] MLVPBL-V1 is then used to produce plasmids
for helper-free vector production following standard pro-
cedures described in papers such as Soneoka et al.
(1995) and Miller and Rossman (1989) and references
therein. These have the characteristics of the plasmids
shown in Figure 4. These are designated pRV-V1-51
(gag-pol) and pRV-V1-52 (env). These two plasmids are
then used to transduce 293T cells with pHIT111 (a lacZ
carrying vector genome plasmid) (Soneoka et al., 1995)
to produce a vector stock which is titred on NIH 3T3 cells
and HeLa cells and then used to transduce PBLs. The
PBLs are then stained for expression of B-galactosidase.
A similar experiment is carried out with a standard am-
photropic vector system and the numbers of blue cells
compared. The vector produced from the MLVPBL-V1

components gives substantially greater numbers of blue
PBLs demonstrating that the new vector system has in-
creased transducing potential for PBLs. This vector sys-
tem will be of greater use therefore in gene therapy pro-
tocols requiring gene transfer into PBLs.
[0037] We have called these new vectors Target Op-
timised Retroviral Vectors (TORVs)

EXAMPLE 2

MLV Variant Adapted for Infection of Human Ovarian
Cancer Cells (SW626)

[0038] The producer cell line 293T was transiently
transfected with 5 mg of pMoC(4070A) using the over-
night calcium phosphate method described by Gorman
et al. (1985). Viral supernatant was harvested 48 hours
post-transfection and filtered using a 0.45mm filter (Sar-
torius). MLV RT levels (Goff et al. 1981) were converted
to the viral titre from a standard curve relating RT activity
to viral titre.
[0039] The target cancer cell line SW626 was plated
at a density of 1.0 x106 cells in a 75 cm flask and infected
with 3 mls of filtered viral supernatant in a total of 5mls
of complete medium containing 8mg/ml of polybrene.
Twelve hours later fresh medium was added to the in-
fected cells. Once the cells had reached 90% confluency
the cells were split 1:5. Samples of virus supernatant
were collected routinely throughout the experiment and
stored at -70˚C. The growth pattern of the virus
MOLV4040A in SW626 cells was followed over a 25 day
period. The infected cells were split 5 times during this
time period on days 3, 5, 11, 16 and 22 and triplicate viral

supernatant samples were taken on days 3, 5, 8, 9, 11,
12, 15, 16, 17, 22 and 25. It should be noted that no new
(uninfected) cells were added to the system during this
time period. Cells were monitored continuously for phe-
notypic changes to determine whether the virus had a
detrimental effect on them. The viral growth pattern of
MOLV4070A in SW626 cells was analysed by MLV RT
assays and viral titres were determined (Figure 5) as de-
scribed before. Virus production in SW626 cells pro-
duced titres up to 1.5 x104 on days 10 and 20. The peaks
and troughs of viral titre observed from the infected
SW626 cells reflects the splitting of these. However it
was clear from these data that a chronically infected cell
line had been established. A sample of virus was stored
at this time and designated MLV626-0.
[0040] Virus from SW626 cells chronically infected
with MOLV4070A was used to infect new uninfected cells
which were plated out at a density of 2 x106 in a 75 cm
flask. Triplicate viral supernatant samples were taken
every 2 to 3 days. Once the cells had reached 90% con-
fluency the virus supernatant was harvested, filtered
(0.45 mm filter, Sartorius) and used to infect new unin-
fected SW626 cells plated at the same density as before.
Samples of virus supernatant were collected routinely
and stored at -70˚C. MLV RT assays and hence viral
titres were determined every 14 days in order assess the
growth pattern of the virus. This pattern of infecting new
SW626 cells was maintained continuously until there was
evidence of a new MOLV4070A variant (Figure 6).
[0041] In Figure 6 it appeared that by day 34 a new
MOLV4070A variant population had emerged, this vari-
ant was designated MLV626-1. The new variant popula-
tion was grown for a further 41 days using the same pas-
saging protocol. The resulting population was designated
MLV626-2. Populations MLV626-0, MLV626-1 and
MLV626-2 were then compared by infecting new unin-
fected SW626 cells and monitoring growth patterns over
a 5 day period. MLV RT assays were performed and the
viral titres calculated. The results are shown in Figure 7.
It appears that the new variant MLV626-1 infected
SW626 cells more efficiently than the starter virus
MLV626-0 with viral titres of 1.2 x104 for MLV626-1 and
3.9 x103 for MLV626-0 on day 5. Interestingly, however,
the virus MLV626-2 had a viral titre of 2.4 x104 which
was higher than the titre of MLV626-1. It appears that
MLV626-1 and MLV626-2 are in fact new variants of
MOLV4070A and that these variants have the ability to
infect SW626 cells more efficiently than the starter virus
MLV626-0.
[0042] SW626 cells infected with either MLV626-1 or
MLV626-2 were diluted so that 10 cell populations were
isolated in a well of a forty-eight well plate and allowed
to grow to 80% -85% confluence. A MLV RT assay was
performed on virus supernatant from each isolated
SW626 cellular population. Products of the reaction were
spotted onto DE81 paper and examined by autoradiog-
raphy. The MLV626-2 clones producing the strongest
signals were selected. These clones were then expand-
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ed and total DNA prepared according to the method of
Blin and Stafford (Nucl. Acids. Res 3, 2303.1976). This
DNA was then used as a template for two PCR reactions.
The first reaction, carried out using Advantage PCR kit
(Clontech), used a 5’ primer
CGCGGATCCGAATTCATGGGCCAGACTGTTAC-
CACTCCC [SEQ ID NO: 1] and a 3’ primer
CGCGTCGACTCTAGATTAGGGGGCCTCGCG-
GGTTTAACCTTA [SEQ ID NO: 2] and produced a frag-
ment of 5.2kb comprising the gag-pol cassette. The sec-
ond reaction, again using the Advantage PCR kit, used
a 5’ primer CGCGCTAGCTCTAGAATGGCGCGT-
TCAACGCTCTCAAAA [SEQ ID NO: 3] and a 3’ primer
CGCGGATCCTCATGGCTCGTACTCTATGGGTTTT
[SEQ ID NO: 4] and produced a 2 kb fragment comprising
the amphotropic env cassette. The 5.2 kb fragment was
cut with EcoRI and Sall and inserted into pCIneo (Prome-
ga) to produce a gag-pol expression plasmid designated
pE6262 and the 2 kb fragment was cut with Nhel and
EcoRI and also inserted into pCIneo to produce and env
expression plasmid designated pGP6262.
[0043] Plasmids pE6262 and pGP6262 were then
used as the gag-pol and env expression plasmids in a
3-plasmid transfection system to produce lacZ transduc-
ing retroviral particles (Soneoka et al).

EXAMPLE 3

[0044] Many metabolic deficiencies are the result of
low or absent levels of proteins in the liver. Efficient gene
transfer to the liver is an important aspect, therefore, of
future gene therapy strategies. Using similar strategies
to those used in Examples 1 and 2 we produce a TORV
for hepatocytes. This will increase the ability to deliver
genes to the liver.

EXAMPLE 4

[0045] Murine retroviruses are known to be inactivated
by complement components present in human serum
(Takeuchi et al., 1994). This seriously limits the ability to
use MLV-based retrovirus vectors in vivo. This is known
to be partially alleviated by preparation of the vector par-
ticles in non-murine cells (James Respess, pers. comm.;
Takeuchi et al., 1994) although the particles are still
somewhat sensitive. Using similar strategies to those
used in Examples 1 and 2 we produce a retroviral vector
system that has increased resistance to inactivation by
human complement. Instead of using target cell types for
the selection stage we use exposure to human serum.
In particular high titre retrovirus preparations produced
in either murine 3T3 cells or HeLa cells or any other cells
type are exposed to different concentrations of human
serum. Concentrations are from neat to a 1/1000 dilution
in buffer (Takeuchi et al., 1994). After 2 hours exposure,
and therefore selection, remaining virus is plated onto
fresh cells in order to allow amplification of the selected
population. This represents one round of selection. Many

rounds of selection are carried out until the maximum
resistance to exposure to human serum is achieved. As
with Example 1 several parallel variant populations will
be selected and then combined in order to allow for re-
combination. Highly resistant MLV variants will then be
used to produce new vector systems as described in Ex-
amples 1 and 2. The resulting vector system has greater
utility for human gene therapy particularly for those pro-
tocols that require delivery in vivo.

EXAMPLE 5

[0046] In many gene therapy situations high titre trans-
ducing virus stocks are required. In order to achieve
these high titres it is necessary to concentrate the prep-
aration. However, retroviruses are susceptible to the
shear forces that occur in most centrifugation or filtration
methods (see Burns et al., 1993)). This means that while
virus particles are concentrated many of the particles lose
their envelope glycoproteins and so the effective trans-
ducing titre is reduced. Using similar strategies to those
used in Examples 1 and 2 we produce a retroviral vector
system that has increased resistance to inactivation by
shear forces. In this example selection is imposed on the
population by exposing the virus to the shear forces in-
herent in passing through a gauge 10 syringe needle.
Instead of using target cell types for the selection stage
we use passage through the syringe needle. In particular,
high titre retrovirus preparations produced in either
murine 3T3 cells or HeLa cells or any other cell type are
passed through a gauge 10 syringe needle from a 5ml.
syringe. The remaining virus is plated onto fresh cells in
order to allow amplification of the selected population.
This represents one round of selection. Many rounds of
selection are carried out until the maximum resistance
to shearing is achieved. As with Example 1 several par-
allel variant populations will be selected and then com-
bined in order to allow for recombination. Highly resistant
MLV variants will then be used to produce new vector
systems as described in Examples 1 and 2. The resulting
vector system has greater utility for human gene therapy
because higher titres can be achieved by concentration
by centrifugation or filtration.

EXAMPLE 6

[0047] A long standing goal of retroviral vector design
has been the development of targeted vectors that are
able to transduce specific cell types. The advantages of
targeted vectors are that vector particles are not ’wasted’
on non-target cells and it may be possible to increase
the efficiency of gene transfer following administration of
the vectors in vivo. A common strategy that has been
employed by several laboratories has been the use of
vectors bearing manipulated surface proteins. These
proteins are generally hybrid molecules comprising the
retroviral surface protein backbone with a sequence of
amino acids inserted that binds to a specific cell surface
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molecule on the target cell. Several targeting systems
have been produced and these include EPO (Kasahara
et al. 1995), single chain antibodies (Somia et al. 1995;
Chu and Dornberg 1995), growth factor-like sequences
(Han et al. 1995; Cosset et al. 1995) and integrin-binding
peptides (Valsesia-Wittman et al. 1994). In some of these
cases transduction of the specific target cell is achieved.
However, in many of these cases efficiencies are low
and there is a need for the inclusion of the wild-type sur-
face protein in the targeted particles. This makes them
of very limited use in therapeutic applications.
[0048] It is possible to increase the efficiency of these
manipulated targeted systems by applying the principles
described in the previous examples. If the manipulated
surface protein gene is incorporated into a replication
competent provirus then increased efficiency can be se-
lected by passaging the virus on the target cells. Alter-
natively, a manipulated surface protein gene can be in-
corporated into a retroviral vector genome and increased
efficiency selected by component specific evolution (Fig-
ure 1).
[0049] Using these strategies, for example, in the sys-
tem described by Han et al. (1995) it is possible to sub-
stantially increase the efficiency of gene delivery to
breast cancer cells by retroviral vector particles bearing
a hybrid surface protein containing heregulin. Replication
competent retroviruses in which the natural surface pro-
tein gene is replaced by the heregulin hybrid are pas-
saged on MDA-MB-453 or other breast cancer cell lines.
These cell lines could include the gene for wild-type eco-
tropic envelope proteins in the early stages of selection
in order to facilitate infection of the target cells. Later in
the selection scheme it may be possible to use unma-
nipulated cells if the selection process had yielded virus
that no longer requires the wild-type surface protein to
infect the target cells. When vector systems are produced
from these selected viruses they transduce breast cancer
cells at efficiencies that make them clinically useful for
the treating of breast cancer by gene therapy.
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Claims

1. A method of making a retroviral vector having an
increased ability to infect a chosen target cell, which
method comprises:

(i) providing a starting retrovirus or retroviral vec-
tor, and a host cell for the retrovirus or the ret-
roviral vector;
(ii) subjecting the starting retrovirus or retroviral
vector to a selection process in vitro which se-
lection process involves a plurality of rounds of
infection of the host cell during which there is
selection for variants having an increased ability
to infect the host cell, wherein the host cell is of
the same type as the target cell; and
(iii) where a starting retrovirus is provided in (i),
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the retrovirus resulting from (ii) is used in at least
one component of a retroviral vector production
system for producing retroviral vectors having
an increased ability to infect the chosen target
cell.

2. A method of making a retroviral vector having in-
creased resistance to shear forces, which method
comprises:

(i) providing a starting retrovirus or retroviral vec-
tor, and a host cell for the retrovirus or the ret-
roviral vector;
(ii) subjecting the starting retrovirus or retroviral
vector to a selection process in vitro which se-
lection process involves a plurality of rounds of
the following selection step:

(a) exposing the retrovirus or retroviral vec-
tor to shear forces; and
(b) infection of the host cell

during which process there is selection for var-
iants having increased resistance to shear forc-
es; and
(iii) where a starting retrovirus is provided in (i),
the retrovirus resulting from (ii) is used in at least
one component of a retroviral vector production
system for producing retroviral vectors having
increased resistance to shear forces.

3. A method of making a retroviral vector having in-
creased resistance to human serum, which method
comprises;

(i) providing a starting retrovirus or retroviral vec-
tor, and a host cell for the retrovirus or the ret-
roviral vector;
(ii) subjecting the starting retrovirus or retroviral
vector to a selection process in vitro which se-
lection process involves a plurality of rounds of
the following selection step:

(a) exposing the retrovirus or retroviral vec-
tor to human serum; and
(b) infection of the host cell

during which process there is selection for var-
iants having increased resistance to human se-
rum; and
(iii) where a starting retrovirus is provided in (i),
the retrovirus resulting from (ii) is used in at least
one component of a retroviral vector production
system for producing retroviral vectors having
increased resistance to human serum.

4. A method as claimed in claim 1, wherein the starting
retrovirus or retroviral vector comprises a manipu-

lated surface protein gene and the selected charac-
teristic is an increased ability to infect the target cell
via the surface protein encoded by the manipulated
surface protein gene.

5. A method as claimed in claim 1 or 4, wherein human
lymphocytes or hepatocytes or cancer cells are the
chosen target cell.

6. A method as claimed in any one of claims 1 to 5,
wherein the selected characteristic is associated
with a packaging component or components of the
retrovirus or the retroviral vector.

7. A method as claimed in claim 6, wherein a starting
retroviral vector is used which comprises a selecta-
ble marker and the packaging component or com-
ponents.

8. A method as claimed in claim 7, wherein the pack-
aging component or components of the retroviral
vector resulting from the selection process (ii) is or
are used in a retroviral vector production system to
produce retroviral vectors having the selected char-
acteristics.

9. A method as claimed in any one of claims 6, 7 or 8,
wherein the packaging component is env.

10. A method as claimed in any one of claims 6,7 or 8,
wherein the packaging components are env and
gag-pol.

11. A method as claimed in any one of claims 1 to 10,
wherein the retrovirus or retroviral vector is, or is de-
rived from, MLV.

12. A method as claimed in any one of claims 1 to 11,
for making a retroviral vector for use in gene therapy.

13. A method as claimed in any one of claims 1 to 12,
wherein the starting retrovirus or retroviral vector
comprises a selectable marker.

Patentansprüche

1. Verfahren zur Herstellung eines Retrovirusvektors
mit einer gesteigerten Fähigkeit zum Infizieren einer
ausgewählten Zielzelle, wobei das Verfahren folgen-
des umfaßt:

(i) Bereitstellen eines Ausgangs-Retrovirus
oder -Retrovirusvektors und einer Wirtszelle für
das Retrovirus oder den Retrovirusvektor,
(ii) Unterwerfen des Ausgangs-Retrovirus oder
-Retrovirusvektors an ein Auswahlverfahren in
vitro, wobei das Auswahlverfahren eine Mehr-
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zahl von Runden der Infektion der Wirtszelle
umfaßt, während welcher eine Auswahl hin-
sichtlich Varianten mit gesteigerter Fähigkeit
zum Infizieren der Wirtszelle stattfindet, wobei
die Wirtszelle von dem gleichen Typ wie die Ziel-
zelle ist, und
(iii) wenn in (i) ein Ausgangs-Retrovirus bereit-
gestellt wird, Verwenden des aus (ii) resultieren-
den Retrovirus in wenigstens einer Komponente
eines Retrovirusvektorherstellungssystems zur
Herstellung von Retrovirusvektoren mit gestei-
gerter Fähigkeit zum Infizieren der ausgewähl-
ten Zielzelle.

2. Verfahren zur Herstellung eines Retrovirusvektors
mit gesteigerter Beständigkeit gegen Scherkräfte,
wobei das Verfahren folgendes umfaßt:

(i) Bereitstellen eines Ausgangs-Retrovirus
oder -Retrovirusvektors und einer Wirtszelle für
das Retrovirus oder den Retrovirusvektor,
(ii) Unterwerfen des Ausgangs-Retrovirus oder
-Retrovirusvektors an ein Auswahlverfahren in
vitro, wobei das Auswahlverfahren eine Mehr-
zahl von Runden der nachfolgenden Auswahl-
stufe umfaßt:

(a) Aussetzen des Retrovirus oder des Re-
trovirusvektors an Scherkräfte und
(b) Infizieren der Wirtszelle,

wobei während dieses Verfahrens eine Auswahl
hinsichtlich Varianten mit gesteigerter Bestän-
digkeit gegen Scherkräfte stattfindet, und
(iii) wenn in (i) ein Ausgangs-Retrovirus bereit-
gestellt wird, Verwenden des aus (ii) resultieren-
den Retrovirus in wenigstens einer Komponente
eines Retrovirusvektorherstellungssystems zur
Herstellung von Retrovirusvektoren mit gestei-
gerter Beständigkeit gegen Scherkräfte.

3. Verfahren zur Herstellung eines Retrovirusvektors
mit gesteigerter Beständigkeit gegen menschliches
Serum, wobei das Verfahren folgendes umfaßt:

(i) Bereitstellen eines Ausgangs-Retrovirus
oder -Retrovirusvektors und einer Wirtszelle für
das Retrovirus oder den Retrovirusvektor,
(ii) Unterwerfen des Ausgangs-Retrovirus oder
-Reirovirusvektors an ein Auswahlverfahren in
vitro, wobei das Verfahren eine Mehrzahl von
Runden der nachfolgenden Auswahlstufe um-
faßt:

(a) Aussetzen des Retrovirus oder des Re-
trovirusvektors an menschliches Serum
und
(b) Infizieren der Wirtszelle,

wobei während dieses Verfahrens eine Auswahl
hinsichtlich Varianten mit gesteigerter Bestän-
digkeit gegen menschliches Serum stattfindet,
und
(iii) wenn in (i) ein Ausgangs-Retrovirus bereit-
gestellt wird, Verwenden des aus (ii) resultieren-
den Retrovirus in wenigstens einer Komponente
eines Retrovirusvektorherstellungssystems zur
Herstellung von Retrovirusvektoren mit gestei-
gerter Beständigkeit gegen menschliches Se-
rum.

4. Verfahren nach Anspruch 1, wobei das Ausgangs-
Retrovirus oder der -Retrovirusvektor ein manipu-
liertes Oberflächenproteingen umfaßt und das aus-
gewählte Merkmal eine gesteigerte Fähigkeit zum
Infizieren der Zielzelle über das Oberflächenprotein,
welches durch das manipulierte Oberflächenpro-
teingen codiert wird, ist.

5. Verfahren nach einem der Ansprüche 1 oder 4, wo-
bei menschliche Lymphozyten oder Hepatozyten
oder Krebszellen die ausgewählte Zielzelle sind.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
das ausgewählte Merkmal mit einer Verpackungs-
komponente oder -komponenten des Retrovirus
oder des Retrovirusvektors assoziiert ist.

7. Verfahren nach Anspruch 6, wobei ein Ausgangs-
Retrovirusvektor verwendet wird, welcher einen se-
lektierbaren Marker und die Verpackungskompo-
nente oder -komponenten umfaßt.

8. Verfahren nach Anspruch 7, wobei die Verpak-
kungskomponente oder -komponenten des Retrovi-
rusvektors, der aus dem Auswahlverfahren (ii) re-
sultiert, in einem Herstellungssystem für Retrovirus-
vektoren verwendet wird oder werden, um Retrovi-
rusvektoren mit den ausgewählten Charakteristika
herzustellen.

9. Verfahren nach einem der Ansprüche 6, 7 oder 8,
wobei die Verpackungskomponente env ist.

10. Verfahren nach einem der Ansprüche 6, 7 oder 8,
wobei die Verpackungskomponenten env und gap-
pol sind.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
das Retrovirus oder der Retrovirusvektor MLV oder
davon abgeleitet ist.

12. Verfahren nach einem der Ansprüche 1 bis 11 für
die Herstellung eines Retrovirusvektors zur Verwen-
dung in der Gentherapie.

13. Verfahren nach einem der Ansprüche 1 bis 12, wobei
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das Ausgangs-Retrovirus oder der -Retrovirusvek-
tor einen selektierbaren Marker umfaßt.

Revendications

1. Procédé de fabrication d’un vecteur rétroviral ayant
une aptitude accrue à infecter une cellule cible choi-
sie, ledit procédé comprenant :

(i) la mise en oeuvre d’un rétrovirus ou d’un vec-
teur rétroviral de départ, et d’une cellule hôte
pour le rétrovirus ou le vecteur rétroviral ;
(ii) la soumission du rétrovirus ou du vecteur ré-
troviral de départ à un processus de sélection
in vitro, ledit processus de sélection impliquant
une pluralité de tours d’infection de la cellule
hôte pendant lesquels il y a une sélection pour
des variants ayant une aptitude accrue à infecter
la cellule hôte, ladite cellule hôte étant du même
type que la cellule cible ; et
(iii) lorsqu’un rétrovirus de départ est mis en
oeuvre en (i), le rétrovirus résultant de (ii) est
utilisé dans au moins un composant d’un systè-
me de production de vecteur rétroviral pour la
production de vecteurs rétroviraux ayant une
aptitude accrue à infecter la cellule cible choisie.

2. Procédé de fabrication d’un vecteur rétroviral ayant
une résistance accrue à des forces de cisaillement,
ledit procédé comprenant :

(i) la mise en oeuvre d’un rétrovirus ou d’un vec-
teur rétroviral de départ, et d’une cellule hôte
pour le rétrovirus ou le vecteur rétroviral ;
(ii) la soumission du rétrovirus ou du vecteur ré-
troviral de départ à un processus de sélection
in vitro, ledit processus de sélection impliquant
une pluralité de tours de l’étape de sélection
suivante :

(a) exposition du rétrovirus ou du vecteur
rétroviral à des forces de cisaillement ; et
(b) infection de la cellule hôte

processus au cours duquel il y a une sélection
de variants ayant une résistance accrue à des
forces de cisaillement ; et
(iii) lorsqu’un rétrovirus de départ est mis en
oeuvre en (i), le rétrovirus résultant de (ii) est
utilisé dans au moins un composant d’un systè-
me de production de vecteur rétroviral pour la
production de vecteurs rétroviraux ayant une ré-
sistance accrue à des forces de cisaillement.

3. Procédé de fabrication d’un vecteur rétroviral ayant
une résistance accrue au sérum humain, ledit pro-
cédé comprenant :

(i) la mise en oeuvre d’un rétrovirus ou d’un vec-
teur rétroviral de départ, et d’une cellule hôte
pour le rétrovirus ou le vecteur rétroviral ;
(ii) la soumission du rétrovirus ou du vecteur ré-
troviral de départ à un processus de sélection
in vitro, ledit processus de sélection impliquant
une pluralité de tours de l’étape de sélection
suivante :

(a) exposition du rétrovirus ou du vecteur
rétroviral à du sérum humain ; et
(b) infection de la cellule hôte

processus au cours duquel il y a une sélection
de variants ayant une résistance accrue au sé-
rum humain ; et
(iii) lorsqu’un rétrovirus de départ est mis en
oeuvre en (i), le rétrovirus résultant de (ii) est
utilisé dans au moins un composant d’un systè-
me de production de vecteur rétroviral pour la
production de vecteurs rétroviraux ayant une ré-
sistance accrue au sérum humain.

4. Procédé tel que revendiqué dans la revendication 1,
dans lequel le rétrovirus ou le vecteur rétroviral de
départ comprend un gène de protéine de surface
manipulé et la caractéristique choisie est une apti-
tude accrue à infecter la cellule cible par l’intermé-
diaire de la protéine de surface codée par le gène
de protéine de surface manipulé.

5. Procédé tel que revendiqué dans la revendication 1
ou 4, dans lequel des lymphocytes ou des hépato-
cytes ou des cellules cancéreuses humains repré-
sentent la cellule cible choisie.

6. Procédé tel que revendiqué dans l’une quelconque
des revendications 1 à 5, dans lequel la caractéris-
tique choisie est associée à un composant ou à des
composants d’empaquetage du rétrovirus ou du vec-
teur rétroviral.

7. Procédé tel que revendiqué dans la revendication 6,
dans lequel un vecteur rétroviral de départ est utilisé,
qui comprend un marqueur de sélection et le com-
posant ou les composants d’empaquetage.

8. Procédé tel que revendiqué dans la revendication 7,
dans lequel le composant ou les composants d’em-
paquetage du vecteur rétroviral résultant du proces-
sus de sélection (ii) est ou sont utilisé(s) dans un
système de production de vecteur rétroviral pour
produire des vecteurs rétroviraux ayant les caracté-
ristiques choisies.

9. Procédé tel que revendiqué dans l’une quelconque
des revendications 6, 7 ou 8, dans lequel le compo-
sant d’empaquetage est env.
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10. Procédé tel que revendiqué dans l’une quelconque
des revendications 6, 7 ou 8, dans lequel les com-
posants d’empaquetage sont env et gag-pol.

11. Procédé tel que revendiqué dans l’une quelconque
des revendications 1 à 10, dans lequel le rétrovirus
ou le vecteur rétroviral est, ou bien est dérivé du,
MLV.

12. Procédé tel que revendiqué dans l’une quelconque
des revendications 1 à 11, pour la fabrication d’un
vecteur rétroviral destiné à être utilisé dans une thé-
rapie génique.

13. Procédé tel que revendiqué dans l’une quelconque
des revendications 1 à 12, dans lequel le rétrovirus
ou le vecteur rétroviral de départ comprend un mar-
queur de sélection.
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